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jy-v I In this paper non-asymptotic exponential estimates are derived for the tail distribution of 

^SJ ■ polynomial martingale differences in terms unconditional tails distributions of summands. Appli- 

cations are considered in the theory of polynomials on independent random variables, to the theory 
L^ '. oi U — statistics, multiply martingale series and in the theory of weak compactness measures on 

J^ ' the Banach spaces. ^ ^ 

^[ 1. Introduction. Notations. Statement of problem. Let (Q, F, P) be 

a probability space, ^{i, l),^{i, 2), . . . , ^(i, d) be a family of centered (E^(i, m) = 0) 
martingale - differences on the basis of the same flow a— flelds (flltration) F{i) : 
F(0) = {0,fi}, F{t) C F{i + 1) CF, Vm = 1, 2, . . . , (i ^ ^(0,m) = 0;E|^(z,m)| < 
K»" ! oo, and for every i > 0,m = 1,2, . . . ,d, \/ k = 0,1, . . . ,i — 1 => 

m 

in ■ E^{i,m)/F{k) = 0; E^{i,m)/F{i) = ^{i,m) {mod P), 

O '. I = I{d) = {(^1; "^2, ■ ■ ■ , id)}, I{d, n) — the set of indexes / of the form I{d, n) = 

{{ii,i2, ■ ■ ■ ,id)} : 1 < ii < i2 ■ ■ ■ < id-i < id <: n, J{d) = J{d,n) - the subset of 
I{d, n)— the set of indexes of the form J{d, n) = J{d) = {{ii,i2, ■ ■ ■ , id-i, n)} such 
that 1 < ii < 12 . . . < id-i ^ n — 1, b{I) = h{ii,i2, . . . , z^) is a d — dimensional 
numerical non-random sequence, 



O 



X 



rf-1 



^(^) = \{i{im,m), i{J)= Wiiim^m), a'^{i,m) ='D^{i,m) 



m=l m=l 



Q, = Q{d,n,{^{;-)}) = Q{d,n)= Y. K^) ^I) ' (1-0) 

lel(d,n) 

be a homogeneous polynomial (random polynomial) power d on the variables 
{C,{i,m)} "without diagonal members", (on the other hand, multiply stochastic in- 
tegral on the discrete martingale measure, martingale transform), n is an integer 
number: n = 1, 2, . . . , oo; in the case n = oo Q{d, oo) should be understood as a 
limit Q{d, oo) = liran^oo Q{d,n) (with probability 1). 
Note than 



BQ{d,n)= J2 b\l)Y[a~[t^,m 

ICl{d,n) m=\ 



d 
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hence, if 

Y: b\l)l[a\t^,m)<oo, (1.1) 

IClid,oo) m=l 

then by virtue of theorem of D.Doob Q{d, oo) exists. In particular, if 

supD,^(i,m) = supa'^(i,m) < oo, ^ b'^i^) < oo, (1.2) 

then condition (1.1) is satisfyed. 
We shall denote 

B{d,n) = B = {b{I) : ^ b\l) = l}, n < oo (1.3) 

lelid,n) 

and assume that b ^ B = B{d,n). 

If b{-) e B, a'^{i,m) = 1, then DQd = 1. 

Another notations. For any random variable r we define 

T{r, x) = max (P(r > x), P(r < —x)) , x > 0, — 

the tail of distribution r, 

TQ(d,n)ix) = Tq{x) = T{Qd,x). 

Our goal is to make non - asymptotic uniform over b E B estimate of the 
tails of random variables T{Qd,x) and of the moments ElQ^^p in the terms 
of unconditional tails T{^{i,'m),x) and moments E|,^(i,m)p of summands 

{^(^,"^)}- 

To interest our readers, we shall formulate now two simple results. Denote as 
Cr{q), q > the set of all random variables {r]}, which are defined on the our 
probability space {Q,F,P}, such that 

3K = const G (0, oo], Va; > => T{r],x) < exp {-{x/KY) . 

It follows from theory of G — spaces ([11], p. 31 - 37) that in according to the norm 

llr^ll, := sup [ \r^U ] m'^^, \r]U = [EJT^rf /" 

m>l 

the set G{q) is the (full) Banach space which is isomorphic to the Orlicz space on 
the probability space {Q, F, P) with A^ — function N{u) = exp(|-u|'') — 1 [11, p. 35 - 
37]. 

In the case g = oo the space G'(oo) consists of all bounded {mod P) variables, 
and the norm G(oo) is equivalent to the classical Loo norm 

[r^loo = vraisup^en\vi^)\- 



Generalization: denote G{q,r), g > 0,r G (—00, +00) the set of all random 
variables {rj} with finite norm: 

\\v\\q,r = snp\r]\pp~'^/'^ log">; 

it is known that ||^||g,r < 00 if and only if 

3K = const > 0, T{r],x) < exp [-{x/Ky{\og{F + x/K))-'''' 

and for some Ci,C2 = Ci(g, r), C2(g, r) G (0, 00), Ci < C2 

Ci{q,r)K< MU,r<C2{q,r)K, 

where 

F = F{q,r) = 1, r < 0; F{q,r) = exp(g), r > 0. 

Throughout this paper the letter Cj{-) will denote various constants which may differ 
from one formula to the next even within a single string of estimates and which do 
not depend upon n. We make no attempt to obtain the best values for these constants. 
Another example (concise). Let us introduce the other space of random variables 
^(C, /9), f3 = const > 0. By definition, this space consist of all random variables 
{rj} with finite norm 

|||^|||c,/3 =^sup|?7|pexp(-C/); r^ G Uc>o^(C,/9) ^ 



3Ci > 0, T{ri,x) < exp {-Ci(log(l + x)) 



a+i//3 



For instance assume that there exist constants K{m) G (0, 00), q{m) > so that 
Va: > 

supT(^(i,m),x) < exp (-(x/is:(m) )«(")) , (1.4) 

or briefiy maxm=i,2,...,dsupj<„ ||^(i,m)||g(m,)/-ft^(^) < 00. We define K = 
ni=i K{m), 1/00 = 0,' M =~M{d, q) = 

M{d, q) = M{d- g(l), g(2), . . . , q{d)) = (d/2 + ^ (l/g(m))) , 
5(g, x) =^(g(l),g(2),...,g(ci);x) = sup sup Tq(x), 

bGB {C(i,m)} 

where interior sup is calculated over all families of centered martingale - differences 
{.^(i,m)} satisfying condition (1.4). 

Theorem 1. There exist two constants Ci = Ci{q), C2 = C2{q), < C2 < 
Ci < 00 so that for all x > xq = const > 



exp (- [x/{C,K)f) < S{q,x) < exp (- [x/iC^K)^]) . (1.5). 

On the other hand, the right inequahty in our resuh (1.5) may be rewritten in the 
terms of G{q) — spaces as 

d 

sup \\Qd\\M{d,q)/ n sup||^(?,m)||g(„) < Csiq), (1.6) 

{5(J,m):||5(J,m)||,(^)<oo} rn=l «<" 

and the left part of Theorem 1 denotes that inequahty (1.6) can not be improved. 

We can improve the result (1.5) in so - called " independent case", i.e. if all 
the variables {^(i,m)} are independent. Let us consider a more generally cen- 
tered polynomial (with "diagonal members") degree d of a view R^ = Rd{n) = 
i?,(n,{e(^,s)}) = 

Yl Kh,H, ■■■,ii;i2,i2,---,i2;---,id,id,---, id) x 

l<ii<i2...<id<n 

1=1 
where m{k, i, I) = E^'^(i, /), k{l) G {0, 1, . . . , d}, so that Y.i k{l) = d, 

k{l) = card{ii in b{ii,ii, ...,ii; ...,ii,ii, ...,ii; ...,id,id, ■■■,id)}, 

and if some k{l) = 0, then by definition, 

e^'\ii,l)-m{k{l),zi,l) = l. 

We again suppose that b E B; (the sequence 6(/) may be not symmetric.) The 
multiply series for Rd in the case n = oo converge with probability 1, for instance, 
if 6 G -B and the correspondence even moments are bounded: 

supm{2d,i,l) < oo. (1.7) 

{i,i} 

For example if rf = 2 then Rd has a view 

l<i<j<n i<n 

E E cit,j)r]{{}r]{j) + J2cii,i)ir]''{{}-Er]\{}) + 

<i<j<n i<n 

E E a{i,j)^{i)r]{j). 

l<«,j<n 

If d = 3, then 



l<i<j<k<n 

E E K^,^,k){ei^)-Eei^)Mk)+J2K^,^,^)iei^)-Eei^)) + .... 

l<i<k<n i 

Here {C,{i),i]{j),T{k)} are independent sequences of independent random variables. 
Denote 

U{q,x) = U{q{l),q{2),...,q{d);x) = snp sup T{Rd,x), 

beB {^(i,m)eG{q(m))} 

where sup|^(j ,„-)g(^(g(„))} is calculated over all totally independent random variables 
{^(i, m)} such that 3q{m) > 0, K{m) > ^ Vm = l,2,...,d 

sup T{^{i,m),x) < exp (-(a;/is:(m))«(™)) , a: > 0, 



or, equally 



sup||^(i,m) 



\q(m) 



< C Kim), C = const < oo. 



Put K = Ui=iK{m), N{q) = 2g/(g + 2) by q E (0,1], N{q) = min(g, 2) if 
g > 1, and define a family of function N{q) = Nd{q) = Nd{q{l), 5'(2), . . . , q{d)) by 
the following recursion: Ni{q) = N{q), (initial condition). 



<\(g(l),...,g(rf),g(rf+l)) 



d-1 ^ 1 1 



»7i=l,2,...,d;m7^fc 

iVd+i(g) = iV,+i(g(l), g(2), . . . , g(rf), q{d + 1)) = 
max iVi^\(g(l),g(2),...,g(d+l)). 

k=l,2,...,d+l 

Theorem 2. There exists a function C^ = C^lq) G (0, oo) such that Vx > 2 



f/(g(l), g(2), . . . , g(rf), x) < exp {-Cs{q) {x/Kf^^'^^) . 
In the terms of G{q) — spaces the proposition (1.8) may be rewritten as 



(1- 



\\Rq\\NM <Ci{d,q) Y[ sup||^(i,m)||g(^). 

m=l «<'! 

For example assume that q{m) = q = const > and denote 

-f{d,q) = 2q/[d{q + 2)], q e [0,1], 
^{d,q)=2q/[2d + q{d-l)], ge(l,2]. 



^{d,q) = 2q/[dq + 2{d-l)l ge(2,oo]. 

In this case Nd(q) = '~f{d, q), and we receive the following result: if ^(i, m) are totally 
independent, centered and 

T{^(i, m),x) < exp (— x'^) , x > 0, 

then by all x > Xq and dim{q, q, . . . ,q) = d =^ 

U{q, q,...,q,x)< exp (-C3 x^^^'^^) . (1.9) 

Theorem 3. (Low bounds for U{q,q, ...,q,x) ). There exists a function C4 = 
C^i^d, q) G (0, 00) such that for all x > 1 

U{q, q,...,q,x)> exp (-C4 ■ a;™'^(9,2)/dj ^ ^^^^0) 

Obviously upper estimations (1.9) and low (1.10) "almost" coincides: at g ^ 0+ or 
by g = cxD for all d, and by rf = 1, q E (1, 00]. If for example {C,{i, s)} are independent 
Rademacher series: P(^(i, s) = 1) = P{C,{i,s) = —1) = 1/2 and I]/&^(/) < 00, we 
deduce the well - known result ([28, p. 78], [31]) as a particular case: 

3e>0; Eexp(£[grf[2/'^) < 00. 

Furher we shall formulate and prove more generally results. 

There are many publications about the limit theorem, moment and exponential 
inequalities for tail distributions of martingales and polynomials from independent 
variables. Semiinvariant inequalities for random polynomials are received in the 
book [15, p. 100 -103] in the case Gaussian limit distribution. The case d = 2 is 
considered in paper [30] and it is proved that in all rearrangement invariant space 
X, for example X = G{q), 



E E bihJn^AW^)\\x>^\!J:J:nhJ). 



Consequently, the norm Jj2J2b'^{hJ) is optimal. We can explain this from iden- 
tity \J2ib{i)C,{i)\l = DX]&(OC(^) = Z]^^(^); where {^{i)} are sequence of centered 
martingale - differences with condition D^(i) = 1. 

Non - uniform estimations Tq are obtained in the works [1], [2], [3], [6], [7] etc. 
They are received in the terms of conditional expectations 'Eg{^{i))/F{i — 1) of a 
view, for example: 

n n 

P(3n, E^(0>^' J2^e{^)/F{^-l)<y)< 

i=l i=l 

< exp{-xy{2{y + Cx))), x,y > 0, 



i.e. without sequences of coefficients b{I) as in classical Bernstein - Bennet estima- 
tions. But these estimations are not convenient in the practice. 

So - called "decoupling method" for calculation of order of magnitude expectation 

n 

E/(EEa.(e«,^(j)) 

is described in the articles [2], [4] and in other publications, but only for a function 
/, belonging A2 — class. See another publications in references. 

The limit theorems for martingales are well - known [20, p. 58]. The limit 
theorems are received in [24] for symmetric polynomials, for example of a view: 

Q^ = T.T.--- E new, 

l<ii<J2---<J£j<n i=l 

where {C.i'i)} are i.,i.d. random variables and it is proved that under some conditions 
at n — >■ 00 in the sense of distribution convergence 



Qd{n)/^BQd{n) ^ I{h), (1.11) 

where I{h) is a multiply stochastic integral 

I{h) = I I ■■■! h{\,, A2, . . . , \d) n Z{d\s), 

Z{-) - white Gaussian measure: EZ(A) = 0, EZ(A)Z(5) = mes{A n B), he 
L2(i?'^),/i^0. 

Our estimations are formulated in the very simple terms only unconditional in- 
dividual (marginal) tails of summand distributions, are very convenient for using, 
generalized in the multidimensional case d > 1, and are non - improved essentially 
(see, for example, theorem 1 (1.5) and inequalities (1.9), (1.10)). 

2. Main results: exponential estimations. We shall introduce some no- 
tation used in following sections. Let T(x) and G{x),x > be two tail - func- 
tions, i.e. T(0) = G(0) = 1, monotonically decreasing right continuous and so that 
T(oo) = G'(oo) = 0. We denote 

T V Gix) = min(4 mi(T(y) + Gix/y)), 1). 

The function T V G{x) has the following sense: if T{C,,x) < T{x), T{ri,x) < G{x) 
then 

Ti^-r],x)<TyGix). (2.1) 

For example if V a; > T{^,x) < Fi exp (^-(a;/A)«(i)) , T{ri,x) < 
r2exp(-(a;/5)9(2)') for some q{l) , q{2) , A, B = const > 0,Yi,Y2 = const > 1, 
then Vx > ^ 

Ti^-T], x)<8max{Yi,Y2) exp (-(a;/(Afi))«««(2)/(g(i)+g(2)) 



More generally, if 

T(e, x) < exp {-x'''^^\\og{F{q{l),r{l)) + x)y^^^" 

T{7], x) < exp (-a;«(2)(log(F(g(2), r(2)) + x)Y^^^] 
then T(^ ■ "/^ja^) < 

min(l, 4 exp (-Cx^^^^ (log(F(g(3), r(3)) + a;))^^^)) , (2.2) 

where 

g(3) = g(l)g(2)/[g(l) + g(2)], r(3) = [g(l)r(2) + g(2)r(l)]/[g(l) + g(2)]. 

On the other hand, according to the language of G{q, r) — spaces: for some C = 
C(g(l),g(2),r(l),r(2))G(0,oo) => 

||^-^||g(3)-r(3)M3) < C'||^||g(i)_^(i)/g(i) ■ M\q(2)-r{2)/q{2)- 

If C,,i] are independent then the estimation (2.2) is exact. 

Further, let us denote for the tail - function T(-) the following operator (non - 
linear) 



W[T]{x) =min l,inf 



v>0 



exp{-xy{8v')) - / x^ dT{x 



oo 

2 



if there exists the second moment | /o°°a;^ dT{x)\ < oo. 

Lemma 1. Let d = 1, ^{i) = C,{i,l) be a sequence of martingale - differences 
with filtration {F{i)} and let T(^(i),x) < T(x), where T{x) is some tail - function. 
Then for all x >2 

supT f^6(0e(?), x] < W[T]{x). (2.3) 

b:€B \ i j 

Proof. Without loss of generality we can assume that i = 1, 2, . . . , n; where n < cxd. 
We shall use the so - called "truncation" method [10]. The following inequality for 
finite martingale differences is known, i.e. when vraimaxJ^t,{S)\ = c{i) < oo (see [8], 
[25]) 

T{Y: ^(^),x) < exp (-xV (2 E c'(^))) ■ (2.4) 

Note that in [25] the factor 2 is omitted in the denominator of the exponent index 
in the corresponding formulation. 

Put X = E^b{^n^, Y{l,t) = b{t)at)xm^\ < v), 

Y{z) = Y{l,t)-EY{z,z)/F{i-l), 
Z{1,{) = b{{)^(t)x{m)\ >v),v = v{x) > 0, 



X{A) = 1, ueA, x{A) = 0, uiA, AeF. 

We can write X = Xi + X2, where Xi = I] V(«),X2 = J2Z{i), and we obtain 
according to the inequahty (2.4) and since \Z{i)\ < \b{i)\v : 



T{Xi,x) < exp (^-x^/{2j2b'^{'i)v^)) = exp [-x^ /2v^j . 
Further, if b{i) ^ then I)Z\i)b-\{) = EZ^{i)b-\{) < 

-/ yUT{^{t),y)=v'T{^(t),v) + 2 yT{^(t),y) dy < 

J V J V 

/•OO roo 

<v''T{v) + 2 yT{y)dy = - y^ dT{y). 

J V J V 

Since {Z(i)} are not correlated, we see that 

/•OO roo 

EXl<-J2b'{i} yUT{y) = - y' dT{y). 

Jv Jv 

By virtue of Chebyshev inequahty 



y'dT{y) 



lx\ 



T(X2,x)< 

Now our statement it follows from the simple inequality that 

P(X > x)< P(Xi > xl2) + P(X2 > a;/2), x>2, 

after the minimization on v. This completes the proof of lemma 1. 

For example, assume T({(i),a;) < Y exp(— (x/i^)^), K^x^q G (0, 00), Y 
const > 1. Denote (in time, in this section) 

6 = 6{q) = {mm{q/2, 1)-^/"; gG(0,2] => 
m = max((l/g)r(2/g), {e/q)[2/{eq)f'i 



/5(g) := sup exp (f'') / xexp(— x^) dx <T{2/q)/{qe) 

in the case q > 2; here r(-) is the Gamma - function. After some calculation we find 
for all values x > : 

supT{Qi,x) < W[T]{x) < (1 + 2(3{q) Y) exp (-{x/{K6)f''/'^^+''A . 
beB ^ ' 

Analogously assume that supj ||.^(?)||g^r = -ft'<C)O,g>0,rG (—00,00) or equally 
x>2 ^ 

T{i(i),x) < exp {-{x/Ky (log(F(g, r) + x/K)y) . 



Let us introduce the following vector - function L{q,r) = {L(l;g, r), L(2;g, r)} of 
two variables (g, r) : 

L(l; q, r) = 2q/{q + 2), L(2; g, r) = 2r/(g + 2). 

We see that for x > : sup^^^ T{J2i b{i)^{i),x) < 

exp {-{x/{C^K)f^'^ (log(F(L(l), L(2)) + x/{C,K)f^''>' 

where L{i) = L{i; q,r), i = I, 2; or 



(2.5) 



sup 1 1 ^ b{{}^{i) I |L(l;g,r),L(2;g,r) < C2{q, v) SUp 1 1^(? 



fees 



\q,r' 



The proposition (2.5) is new even for independent variables {^(i)} in the case q G 
(0,1]. 

Theorem 4. (Martingale case). Let us denote T^ix) = sup-T{C^{i,m),x) and 
assume that lirax^oo Tm{x) = 0, and define the sequence T^^^ of tail functions in the 
following way: 

T^'\x) = W[T,]{x), 

(initial condition), and for s = 2,3, . . . ,d — 1 by recurrent equation 

T(^+i)(a;) = Py [t,+i V T(")] (x). 
Statement: 



snpT{Qd,x)<T^''\x). 

b€B 



(2.6) 



Proof. We shall prove the statement (2.6) by means of induction over d. The basis of 
induction {d = 1) in (2.6) is proved in lemma 1. Further, the sequence {Qd{n), Fi'n)} 
is again martingale with correspondence martingale - differences 

C(n) = g,(n)-g,(n-l) = e(n,rf) J2 b{I)m = 

IeJ{d,n) 



d-l 



^(n, d) J2 ^(^1, «2, • • • , id-i, n) J| ^( 



irrij TTij 



l<ii<i2...<id-i<'n—l 



m=l 



\] l€Jid,n) 

=^ [ri{n,d)] X [T{n,d)]. 
We get in according of induction statement: 

T{T{n,d),x) <T^^-^\x). 



y- EjgJ(d,n) ^{JW) 



def 
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We deduce by virtue of the formula (2.1) for the product rj{d,n) x T{d,n) 

T{r]{d, n) ■ T{d, n),x)< (t, V T^''-'^) (x). 

Again using the statement of lemma 1 for a martingale differences r]{d, n) T{d, n) we 
obtain the statement of theorem 4. 
If for example 

T{i{i,m),x) < exp (~{x/ K{m)y^"'^^ 



After some calculations we shall receive the statement of theorem 1. 
Let us consider now "independent" case. Define 

H^mi.^) = supmaxlogEexp(±A^(i,m)). 

i ^ 

This definition is non - trivial: 

3Ao G (0, oo], VA G (-Ao, Aq) ^ v^™(A) < oo (2.7) 

only if the sequence {^{i^m)} satisfies the uniform Kramer condition. 

If the condition (2.7) is valid, we introduce the functions Xm(A) by formula 

{oo oo 

IZ^m(Ay(j)), {y{j)} ■ ^y^ij) < 1 

Note that if the function z -^ Lp(^(z)/z is finite and monotonic on the right - hand 
half - line then 

Xm(A) = supn v5m(A/v^). (2.8) 



Namely: 



Xm(A) = sup max ^ <^„(A|/(j)), 



n {y{j)}j^^ 



where the internal maximum is taken over all finite sequences {y{j)} of length n 
so that I]"=il/^(j) = 1; applying the Lagrange factor method for calculation we 
find that the maximum is attained, in particular, on non - negative sequences, some 
component of which equals zero, while the positive components are equal. 

For instance if V|A| > 1 v^Tn(A) = |A|'' for some q = const > 1, then x»n(A) ~ 

(^|^|mM2,q)^ |A| ^ OO. 

Lemma 2. Let the variables {C,{i,rn)} be centered, independent, and assume 
that the condition (2.7) is satisfied, then 

sy^pT ij2b{i)^ihm),x] < exp {-x*m{x)) , (2.9) 

bGB \ i J 

where 

X*ix) = sup(Aa;-x(A)) - 

A 
11 



is the so - called Young - Fenchel transform. 

Proof. Taking into account the independence and assuming A > we obtain: 

n n 

Eexp(A^6(i)^(i,m)) = Y[Eexp{\b{i)^{i,m)) < 

i=l 1=1 



< exp ( ^ ip^{\b(i)) j < exp XmW 



by virtue of definition of the function Xm{^)■ The proposition of lemma 2 it follows 
now from Chebyshev inequality. See in detail [11, p. 24.] 

Corollary 1. We obtain syntesing propositions of lemma 2 and lemma 1, that 
in our assumptions 

s.pT(i:MO«v.)..).....o.WM,exp(-.:„M,}'^ 

bGB \ i ) 

For instance suppose that T(^(i, l),x) < exp (— x'') , g > 0, and recall that the 
function A^(g) at g G (0, 1] is equal to 2g/(2 + g) and at g G (l,oo] ^ ^isi) = 
min(g, 2). Then we get at a; > 1 



supT(^6(z) i{i,\),x) < exp (-C7(g)x^('?) 



fees 

It is proved in [11, p. 50] that the exponent min(g, 2) in the case g > 1 is non 
improvable. 

More generally assume that 3g > 0, r G (— oo, oo) ^ Vx > 

T(^(i, 1), x) < exp (-Ca;''(log(F(g, r) + x)Y) . 

Introduce the following vector - function A^(g, r) = (A^(l; g, t), A^(2; g, r)) : 

a) at g G (0, 1) or g = 1, r < ^ 

^ iV(l; g, r) = 2g/(g + 2), iV(2; g, r) = 2r/(g + 2); 

b) at g = 1, r > or g G (1, 2), or g = 2, r < ^ 

^Ar(l;g,r) = g, A^(2;g,r)=r; 
c) at g = 2, r > or g > 2 ^ 

^iV(l;g,r) = 2, A^(2;g,r)=0. 
Proposition: supf,g^T(X]i &(?) ^(^,l),a^) < 

exp (-Cslg, r)a;^(i;'?'") (log(F(Ar(l; g, r), Ar(2; g, r)) + a;))^(2;<?,r) 
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Theorem 5. Assume in addition that the r.v. {C,{i,m)} are independent. Let us 
define the sequence of tail - functions by the following initial condition and recursion: 

T^'\x)=W[T,]{x), 

T^^+^\x) = W [Tm+i V T(")] (x), m=l,2,...,d-l. 

Proposition: 

snpT{Qa,x)<T^''\x). (2.10). 

beB 

Proof. For the sum 

Q{d,n)= J2 bil) n^(^™'^)' 

l£l{d,n) m=l 

i.e. without diagonal members, in the case d = 1 our resuh is the content of lemma 
2. The recursion is proved likewisely the proof of theorem 4. 

Proof of theorem 2. We must prove that the non - diagonal members in expan- 
sion for Rii have "little" tails: 

supT{Rd-Qd,x)<exp(-C{q)x^+'), x > 1, (2.11) 

for some e = const > as long as T{^ + ri,x) < T(,^, x/2) + T{ri, x/2). The unique 
non - trivial case is if the family {C,{i,m)}, m < d ~ 2 does not depend on the 
{^(/c, d — 1)} and ^(i, d — \) = C^{i, d). Let us denote 

A= E h{I)a^l^)a^2,2)...,a^,.2,d-2)[e{^d,d)-m{2,^,,d)]. 

l€J{d,n) 

We receive: 

T{^\i, d) - m{2, i, d),x)< exp (-C(rf)a;«/^) , a; > 1. 

Thus 

T{A,x) < exp (_Cx^('/(i),'?(2),...,g(«(-2),g/2)^) ^ ^ ^ ^^^)^ 

As long as 

l/iV(g(l), g(2), ...,q{d-2), q/2) = (d - 2)/2 + Y^ [l/q{j)] + l/L(g/2), 

i=i 

l/iV(g(l), g(2), ...,q{d-2),q,q) = {d- l)/2 + J^l^^ij)] + l/q + l/Hq), 

It is enough to prove the following inequality: Vg > ^ 

1/2 + 1/q + 1/L{q) - l/L{q/2) > 0. (2.12) 
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After the consideration of all cases g G (0, 1], g G (1, 2], g G (2, 4] and g > 4 we can 
see that the inequality (2.12) is valid. 

Low bounds for tails in the martingale cases (theorem 1). Assume rf = 2; the 
general case provides analogously. 

Let us introduce two martingale - differences: 

^{i) = Tv{i), r]{j) = pe{j), 

where all variables t, {u^i)}, p,{9{j)} are independent and {i^{i)},{0{j)} are 
Rademacher series: 

p{e{j) = 1) = p{e{j) = -1) = p(z/« = 1) = p{u{t) = -1) = 1/2 

and r > 0, p > 0, 

T{t,x) = exp (-x'?(^)) , T{p,x) = exp (-a;'?^^)) , 
and let us introduce at n > 2 the probability 



P„(a;) = P J2 ^ P ^W 0{j)/\/n{n - 1) > x ) , a; > 1. 

yi<j<jr'<?l 

We see that for y,z > 1, x/{yz) > 1 : 

Pn{x) > P (E ^(0 0{j)/\/n{n-l) > x/{yz) ) exp {-y"^'^) exp {-z""^^^ 
As long as (see [24]) 



Jim P E l^i^)OiJ)/^/nin - 1) > x/iyz) = P (/((?) > x/iyz)) , 

\l<i<jr<n / 

where I{g) is a two - dimensional stochastic integral (1.11) with some non - trivial 
function g{-) G L2{R^). Since 

P {I{g) > x/{yz)) > exp {-C{g)x/{yz)) , 

we obtain: 

lSI„_ooPn(a:) > exp {-Cig)x/iyz) - y'^^'^ - z'^^'^) . (2.14) 

Since 

supP„(a;) > lim„_ooPn(a;), 

n 

after the maximization the right - side of inequality (2.14) over y, z, we deduce the 
left inequality in the theorem 1. 
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In order to prove the low bounds for tails distributions in the independent case 
(theorem 3), we must consider two examples. Taking Q{d,n) = 0^=1^(0 5 where 
^(i) are independent, symmetrical and such that 

T(^(i), x) = exp {—x'') , X > 0, 

we deduce after some calculations: 



a 

T{Q{d, n),x) = P(n ^(0 >x)> exp (-C(rf, q) 



r^q/d 



i=l 



The sequence Q{n,d) converge in distribution at n ^ oo by appropriate choice of 
sequences of coefficients b{I) = b{r, n) to the d — multiple stochastic integral over 
the Gaussian orthogonal stochastic measure Z{-) (1.11): 

Q{d,n)/^BQ{d,n)Sl{h)= f h{y)Z{dy), 

with tail behavior T{I(h),x) > exp (—Cx'^^'^j . Consequently, 

sup sup T{Qd, x) > exp (-Ca;"""^^'^)/'^) . 

6ei?{C(i,m)}:l|5(J,m)||,(„)<l 

3. Moment estimations. We shall derive here the moment estimations for 
Qd in martingale and independent cases in the terms of unconditional moments, 
more exactly, Lp norms: |?7|p = E-'^/^lr^l^ of summands: 

/i^(p) =^ supE^/^|e(^,m)r = sup m,m)\p, p>2. 

i i 

We define the sequence 7((i), d = 1, 2, ... by the following initial condition: 7(1) = 
v2 and recurrent equation: 



7(rf + l) = V2(l + l/rf)'^7(rf). 

In particular, 7(2) = 4,7(3) = 9a/2. Since (1 + l/d^ < e, we conclude: Vrf > 3 ^ 
7(d) < 9 exp {{d - 3) + (log2)(d - 2)/2) . 

Theorem 6. // Vm = 1, 2, . . . , rf /im((i ■ p) < 00, then 

d 

sup IQrflp < 7(rf) p'^ WlJijn{d-p). (3.1) 

Proof. We start our consideration from the case d = 1. The beginning is like one 
in [10], but further instead of convexity we intend to employ Holder inequality. 
Note that it can be assumed that p > 2 (the case p = 2 is trivial) and \/i < 

def 

n =^ h{i) 7^ 0. Further, the sequence h{i) C,{i), ^(i) = C,{i,l) is also the sequence 
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of martingale differences relative to the initial filtration. Using the Burkholder 
inequality ([20], p. 78-81; [31]) we obtain 



T.mm\;<ipV2r^[£b'it)e 



p/2 



(3.2) 



Let a{i) be some positive non - random sequence, the choice of which we shall clarify 
below. By virtue of Holder inequality, in which we substitute 



we see get 



P = p/2, a = P/{P-l)=p/ip-2), 



E^'We'W = E ««&'«■ [e'WMO] < 



[£{b\^)a{^)r 
Let us choose a{i) by the formula 



1/q 



[T.i^^^)/a(^)y 



1/(3 



ail) 



then we receive 






m 



p/{2a) 



-4/p 



qp-2 



E&^(^ 



<EEie(Or&'W<-"i(p)E^' 



Substituting the last inequality into (3.2) we obtain the proposition of theorem 6. 
Corollary 2. Let us denote 

Km{1,p) = sup I ^ b{i)^{i)\p/fi{p), 

beB 

where the upper bound is calculated over all sequences of centered martingale dif- 
ferences {C,{i)} with finite absolute moments of order p. It follows from [3.1] that 
KMi^,p) < pV^- But it is proved in [13], [22] etc. that if {^(i)} are independent 
symmetrical identically distributed, then the fraction in the right-hand part can has 
an estimate from below of the form 0.87p/logp. Thus 

0.87p/ logp < Km{1, p)<V2p. 

Therefore our estimation can'not be essentially improved. 

Remark 1. It the other terms of conditional expectations E^^[i,m)/F{i — 
1), E maxj<„ |^(i, m) 1^ the upper bound for the constant which is like to our Km^^, p) 
is obtained in [5] then growth by p ^ oo like p/ logp. Our result can not be obtained 
from [5]. 

The finall estimate for Km{^,p), i-e. the exact grows for Km{)-,p) by p ^ oo is 
now unknown. 
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We shall prove the general case d > 1 hj induction over d. We get for the corre- 
sponding martingale differences ({n) = T{n,d)ri{n,d) of a martingale {Q{n),F{n)) 
on the basis Holder inequality and induction statement: 

ICHIp < \vin,d)\pd \T{n,d)\pd/(d-i) = /J-dipd) ■ \Qid - l)\pd/(d-i) < 

. d-l 



Uvd) {pd/{d-l)y-'^{d-l) Y. ^'W n l^m{p{d-l)d/{d-l)) 



^{d-l)[pd/{d-l)Y-' n l^mipd) E b'{I). 

m=l Y IeJ{d) 

We receive from the one - dimensional case: 

\Q{d, n) \p <pV2-f{d-l) [pd/{d - 1)^-' n /^M : 

m=l 



Y lel{d,n) m=\ 

(Recall that b e B ^ T,iei(d,n) b'^i^) = I-)- 
Corollary 3. Let us denote 

d 

KM{d,p) = sup sup \Qd\p/ n l^m{d-p), 

n {5(i,m)}:|g(j,m)|d.p<oo „=! 

where sup is calculated over all families of sequences of centered martingale dif- 
ferences {C,{i,'m)} with condition \C,{i,'m)\d.p < oo. It follows from theorem 6 that 
KM{d,p) < '~f{d) p'^. We shall prove now the low hounds for KM{d,p) : at rf > 2 

KMid,p)>C''p''/\ 

here C is an absolute constant. Let us choose the family of independent Rademacher 
series: 

P(e(^,m) = ±l) = l/2, 

then firn{d • p) = 1. Introduce at n > d the random variables 

Qdin) = Qd= E n^(^™'^)/Wn-l)...(n-rf+l)]. 

IClid,n) m=l 

We conclude relaying on the main result of the article [24]: at n ^ oo ^ Qd ^ -^(^) 
in the sense of distribution convergence, where I{h) is the multiply stochastic integral 
(1.11) with tail behavior 

T{I{h),x) > exp (-Cia;^/'^) , x > C2. 
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It is easy to verify that the moment convergence in [24] is true. Hense 

Now we shall consider again "independent case", under condition: for some p > 2 



def 



l^m{p) = snp\^{i,m)\p < cx), m = 1, 2, . . . , d. 



i<n 



Theorem 7. If all the variables {C,{i,'m)} are independent, centered and so that 
for some p > 2 ^ fJ'm{p) < oo Vm = 1,2, ... ,d, then 



sup \Qd\p < 2^/V 

beB 



n f^rnip) 



.m=l 



/log p. 



(3.3) 



Proof is the same as in the theorem 6. In the case d = 1 the proposition (3.3) is 
provided in [13]; we can rewrite this result on the form 



J2bi^)a^,l)\p<V2 



^h^ii) lii{p)/\ogp, p>2. 



Since the variables {^{i,m)} are independent we see that for ({n) = ri{n,d) T{n,d) 
the following inequality holds: 

lC(^)lp= \viji',d)\p \T(n,d)\p < lJ,dip)\Qid- l,n)\p. 

It follows from induction statement that: 

d-l . 



\Q{d,n%<2'/^pUp)p'-' n j E h\I)/\ogp 

m=l y lel{d,n) 



2'l^p'' V^^im{p) \ E h\I)l\ogp. 

m=\ Y lel{d,n) 

Note that our result (3.3) improves the same estimations in article [35]. 
Corollary 4. Let us denote in the independent case 



Ki{p,d) =supsup sup \Q{d,n)\p/ Yl fim{p)- 

" beB {^{i,s):\^{i,m)\p<oo} 



m=l 



Proposition: for some absolute constant C4 G (0, 00) 

Ct p^ log-^p < Ki{p, d) < 2'^!^ p'^l logp. 

Proof the low bounds: the moment estimations are derived in [21], [29] for sym- 
metrical polynomials on independent identical symmetrically distributed variables: 



\Q{d,n)\pl VDg(rf,n) /(p) > QV/(log'^p). 
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Our hypothesis: p ^ oo ^ Kj{p, d) x C{d) p'^ / {log pY- 

Corollary 5. We want make the comparision between exponential and moment 
estimations in the independent case. Let us introduce, more exactly, for any Orlicz 
space of random variables W with norm ||^||Vr on the our probability space the 
uniform tail of distribution 

Pwi^) = sup snpT{Qi,x). 

{\\({i,l)\\W<l} beB 

There are two methods of estimation of Pw{x) '■ "exponential estimations" and 
"moment estimations". Namely, if a norm || ■ ||W^ in a W^ space is equivalent to the 
norm of a view 

Illr^lllW^ = sup \ri\p/ip{p), 

p>2 

where ■?/'(■) is a monotonically increasing continuous positive function, ■?/'(+oo) = oo, 
for example norms in the spaces Lp, G{q), G{q, r), "^{(3), then by means of theorem 
7 we can estimate all moments of Qi and further by means of Chebyshev inequality 
the tail of distribution Q{d,n). For the spaces Lp,p > 2 the moment method gives 
better result; in the case W = "^{(3) both methods give the same result: 



P^(a;)<exp(-C(/3)(log(l + a;)) 



1+1//3 

for the spaces G{q, r) the the exponential method is better. 

Let us consider the following example. Assume that for some r = const, q = 
const > 

supsupT(,^(i,m),x) < exp (— x^(log(F(g, r) + x)*")) , x > 0. 

i m 

Denote V{q, d) = 2q/{d{q + 2)) and define the sequence r{d) by the recurrent equa- 
tion: 

rid + 1) = [r{d)q + V{d, q)r]/[V{d, q)q + 2V{d, q) + 2g] 

with initial condition r(l) = 2r/(g + 2). Then in the martingale case 

sup T(gd,a;) < exp (-C(rf, g)a;^(^'^)(log(F(\/(d, g),r(rf)) + a;)"^'^) 
If supj sup„T(,^(i,m) < exp f — (log(l + x)Y^^/^\ , /? > 0, then 
sup T{Qd, x) < exp (-Ci{d, /3)(log(l + x))^+^/'^ 

beB ^ 

Remark 2. We can derive similarly using Doob's inequalities the moment and 
exponential estimates for the distribution of the variables 

max Q{d,k), max \Q{d,k)\, 
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Remark 3. It is easy to receive the generalization of our inequalities in the so 
- called martingale fields C,{i,fn) = C,{i,fn); see definitions and some preliminary 
results in [10]. 

4. Application to the theory of f/ — statistics. In this section we shall 
apply our estimations ( (2.6), (3.3) etc.) in the theory of U — statistics. For 
more detail about using of martingale technique based on the Hoeffding martingale 
representation for U — statistic see in [37], [16]. Our results improve also somewhat 
the estimations in [16], [21] etc. 

Let {C.i'i)}, i = 1,2, ... ,n be independent identically distributed random vari- 
ables with values in the fixed measurable space {X, S}, ^{xi,X2,X3, . . . , Xd), d < n 
be a symmetrical measurable non - trivial numerical function (kernel) of d variables: 
$ : X"^ ^ R\ 

U{n)=U{n;^,d)= ^ $(e(^(l),e(^(2)), . . . ,e(^(rf)))/f'j) 

I&I(d,n) \"'/ 

be a SO - called U — statistic. Denote Dim ^ = d, 

$ = $(^(1), e(2), . . . , m), r = rank U e [1,2, . . . ,d - 1]; 



T({$,4,x) =^supT((f/(n)/y^Df/(n), x). 

n>d 

Assume that E$ = 0, D$ G (0, oo) and all the moments $ which is written below 
there exist; otherwise the results are trivial. Recall here for readers convenience the 
so - called martingale representation for the centered U — statistic (see [16], p. 26; 
[37]): 

U{n) = j:(%{n;k), U{n;k) = ^ 9km)/tf), 

k=r \ / Iel(n,k) \ / 

where {(/) = {m^)) , m^)) , ■ ■ ■ , md))} , M^) = P^) e A), Jx f{y)S.{dy) = 
f{x), gk{xi,X2,...,Xd) = $fe = gkW\{xi,X2,...,Xd) = 

k d 

^{yi,y2,---,yd)X{{^xXdyi)- ^^{dyl)) J| ^i{dyl). 

Yd -^-^ -^-^ 

^ 1=1 l=k+l 

It is well known ([16], [37]) that the sequence S{k) = 5(")(A;) = C{k,n) U{n, k), k < 
n relatively some filtration F{k) = F^'"\k) is a martingale: 

ES{l)/F{k) = S{k), ke [1,1], 

and that by n ^ oo =^ DU{n) x n^*". 
Theorem 8. 

\U{n)/JT>U{n)\p<C''p'' ^p/logp. (4.1) 
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Proof. The case d = 1 was consider in the section 3; now we shall use the method 
of induction over d; for simplicity we shall investigate only the case d = 2. 
Assume for beginning that the (non - trivial) kernel $ is degenerate: 

D$(e(l), e(2))/e(l) = {mod P), (^ r > 2). 

The sequence 

V^/ l<i<j<n 

is a martingale relative to some a— flow (filtration) with correspondence martingale 
- differences 

n-l 

cH = ^$(e(o,e(n)), 

1=1 
Fixing the value of ^{n), and using the induction statement, and denoting /i(A) = 
P(^(i) G A), at p, n > 2, we obtain: 



n-l 

j=i 



|C(n)|^ = E|C(n)r= / ^Ji{dx)Y. 

fi{dx) (n- 1)P/' {pV2/\ogpy E|$(e(l),x)|P 
(n- 1)^/2 (pV2/iogp)P |$|P 



< 



Hence 



|C(n)|p<v/2;r^(p/logp) |$|p. 



We can prove our proposition in the case degenerate kernel substituting into the 
inequality (1-6) the least estimation. 

Now we shall consider the general (and non - trivial) case r = 1. We denote 
E$(e(l),e(2))/(e(2) = x) = (?(a:), 

$°(x, y) = ^{x, y) - g{x) - g{y) = gi[^]{x, y). 

Then 'Eig{^{i)) = and ^^ is a degenerate kernel. It follows from lensen inequality 
for conditional expectation that \g{C,{'i))\p < |$|p, and, hence |$°|p < C{d)\^\p. 
Let us write the Hoeffding decomposition for U — statistic: ^/n U{n) = 

2/[V^{n-l)] Y: '^°(e«,e(j)) + [4v^)/(n-l)]-rE^(e«))- 

l<«<i<" \i=l / 

2fi'(C(^)) \fnl(n — 1). Using triangle inequality and our proposition for degenerate 
statistics, we obtain: 

|v^f/(n)|p<Cin-^/'/ |$|p/iogp + C2P |(?(e(0)lp/logP < 
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C^p^ |$|p /logp; 

here Ci,2,3 = C'i,2,3(c?)- 

We shall derive now the exponential bounds for tail of distribution T(<l>, d, x)). 
Theorem 9. Assume that for some K G (0, cxd), g > 0, r G -R^ =^ 



T($,a;) < exp (-{x/Ky {\og{l + x / K))-'''' ) , a; > 0. 
ThenT{{^,d},x) < 

exp (-C(rf,g,r)(a;/ir)'?/('?"'+i)(log(l + a;/ir))-«"-i)'')/('?"'+^) 
Proof. We can assume K = l.\i follows from condition (4.2) that: 

|$|p< CiP^/^ log>, j9>2. 
We conclude using theorem 8: 



(4.2) 



(4.3) 



|f/(n)/v/Df/(n)|, < C2 /+^/'^ log'-V- 

We deduce (4.3) returning to the tail of probability 

Now we shall receive the refined but more cumbersome exponential bounds for 
tail distribution T({$,(i},x). We shall deduce the recurrent equation (on the di- 
mension d = Dim $) for one in the spirit of the section 2. Let us denote 



t{d,k,r) = 1/ 



(d-r + l) 



and for almost all {mod fi) values z E X : gk,{z)[^k 



def 



Note that 



^k,{z) = ^k,(z){xi,X2, . . . ,Xd-l) = ^k{xi,X2,...,Xd-l,z). 



Ti{^,d},x) <J2Ti{9km,d}, tid,k,r) x). 

k=r 



(4.4) 



Consequently, it is sufficient to estimate this distribution only for degenerate kernels 
$fc(-), i.e. if r = rank f/ > 2, as long as the arbitrary kernel $(■) may be represented 
as a linear combination of degenerate kernels $fc ([16], p. 26). 
Theorem 10. The tails T{{^k,d},x) = T{{gk[^],d}, x) may be estimated as 



T({(?fc[$],4,x)<L(te[$],4,x), 



(4.5) 



where the functions L{{gk[^]^ c?}, x) satisfy the following system of a recurrent equa- 
tions: 



L{{gkm,d],x) = W 



j /i(rfz) L({5ffc,(^)[<l>],rf- l},x) 



d>2. 



(4.6) 
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with initial condition 

L({$,l},x)=W[T(<l>)](a;). (4.7) 

Proof (briefly; in the case d = 2). Define the sequence of functions L({5ffc[$], rf}, x) 
by means of the equations (4.6) and (4.7). Then the estimation (4.5) by rf = 1 it 
follows from the definition of operator that H^(-), as long as the variables {$(^(0)} 
are independent. 

Further, since the kernel gk[^] is degenerate, we deduce that the sequence 

A(n)= Y. ^Ml).z) 

l£j{d,n) 

for almost all values z, z & X with respect to some filtration is a martingale with 
correspondence martingale - differences C(^)- Using the proof of theorem 4 and 
omitting some calculations we obtain the inequality (4.5). 

5. Applications to the stochastic integration. A). Let (Z(t),F(t)), t > 
be a left - continuos in the L2(r^,P) sense centered square integrable martingale 
relatively the flow of ct - fields (filtration) F{t) : F(0 + 0) = F(0) = {0, il}, F{t - 
0) = F(t), t > 0, Z(0) = 0. Denote for < a < c < oo z/([a, c)) = D(Z(c) - Z(a)); 
then z/(-) may be continued to the measure (may be unbounded) on the Borel subsets 
on half - line [0, cxd). 

Let 6(t), t > be a non - random measurable function belonging to the space 

\\h{-)\\\L,{u))'^ [ b\t) u{dt) < oo. 



'[0,oo) 

We define for some g > 



\\Z\\{Lip{q),u) = sup \\Z{c) - Z{a)\\J{^Ju{c) - u{a)}, 

u{la,c))€{0,oo) 

and consider a stochastic integral 

[b;Z]'^ f Ut)dZ{t). 

Theorem 11. If for some q > ||Z||(Lip(g), z/) < oo, then for some C{q) G (0, oo) 

II [b;Z] \\Mii,,)<Ciq)\\b\\iL2iu))-\\Z\\{Ltpiq),u). (5.1) 

Proof. It is enough to prove our proposition (5.1) for a simple functions b{-), i.e of 
a view b(t) = 

K 

= Y. Kiik))x{t e [t{k),t{k + 1)), < t(0) < t(l) < ...<t{K + l) <oo. 

fc=0 
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Here {t{k)} is any non - random sequence such that z/(t(A; + 1)) — v{t{k)) > 0. For 
those functions we can write: [b; Z] = 

j: h{t{k)) {z{t{k + 1)) - z{t{k))} = j: b{t{k))^u{[t{k),t{k+i))x 

k=0 k=0 

{Z{t{k + 1)) - Zitik))}/{^umk),t{k + l))}. (5.2) 

We deduce by virtue of theorem 1, using the proposition of theorem 1 for the se- 



quence b{i) := h(t(i))Jv(t{i + 1)) — v(t(i)) and choosing a martingale differences 
{{(i)} as 

m = {Z{t{i + 1) - Z{t{r)))}/{,lmi)Mi + ry)} : 

||[fe;^]||M(i,,)<C(g) 



K 



.Y.b\t{k))v{\t{k)Ak + i))-^M\m\U = 

\k=Q « 

C{q)\\h\\{L,{v))\\Z\\{Up{q),v). 

On the other hand, We can write denoting {h;Z)q = C{q)\\b\\{L2{i')) x 
||Z||(Lip(g), u) for enough greatest values x > xq the inequality: 

exp(-[x/(Ci(6;Z)J^(i'«)) < sup sup T{[b;Z],x)< 

exp(-[x/(C2(6;Z),)]^(i'«)). 



Low bounds follow from the left inequality of Theorem 1 (1.5). 

It is easy to see that we can receive analogous result for multiply d— dimensional 
stochastic integral of a kind [6; Zi, Z2, . . . , Z^] = 

//.../ 6(t(l),t(2),...,t(ci))n^-(rft(m)), 

J J J0<t{l)<t(2)<...t{d)<oo ^^^ 

where b{t{l),t{2), . . . ,t{d)) are non - random measurable square integrable func- 
tions, Zm(t) are the square integrable centered left - continuous martingales 
with the correspondences measures z/m([a,c)) = D {Zm{c) — Zm{ci)) and values 
\\Z^\\{Lip{q{m),u^)): 3C(g) G (0, 00) => 

1 1 [b] Zi, Z2, . . . , Zd] I \M{d,q) < 
d d 

<C(g-)||6||L2(i?^ n ''m) n \\Zim)\\Lipiqim),uJ. 

m=l m=l 

This result may be improved in the case when all martingales Z^ are independent 
and have independent increments as in the theorems 2,3. For Gaussian martin- 
gales Zm{t) in ([15], p. 119) there is more exactly result. But we consider the other 
problem. 
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B). Let again {Z{t),F{t)), t > be a square integrable centered continu- 
ous (with probability one) martingale with correspondence quadratic variation 
< Z,Z >t; < Z,Z >:=< Z,Z >i . Let us consider the d — dimensional multi- 
ply stochastic integral [1; Z, (d)] = 

[l;Z,Z,...,Z,{d)]= [[...[ l[dZ{t{m)). 

J J ■J0<t(l)<t{2)...<t(d)<l ^^-^^ 

It is proved in the article [39] the following generalization of the classical Burkholder 
- Davis - Gundy inequality (in our terms and notation): 

I [l;Z,Z,...,Z] \,<A{d,p)\<Z,Z>'/^\p, 

A{d,p) =^ (1 + 1/pY {dpY'^/dl < C\pldY'\ (5.3) 

where p > 2 and C is absolute constant. 

Theorem 12. Assume that for some q > 

\\<Z,Z>\\g<oo. (5.4) 

Then 

1. \\[l;Z,id)]\\Mid,,) < Cid,q)\\ < Z,Z>'/' 1 1 J. (5.5) 

2. If (5.4) holds for some q > 2, then taking now j3 = j3{q) = {q + 2)/{q — 2) > 
we assert that the integral series 1 + J^dl'^i Z,{d)] for Dolean exponent Ed{Z) = 
exp(Z(l) — 0.5 < Z,Z >) convergent in the \E'(C, /3(g)), (3 C e (0, 00)) norm: 

00 
WEoiZmiPiq)) < 1 + 5] ||[1; Z, {dm{f3{q)) < 00. (5.6) 

d=l 

Remark 4. The case g = 2 is considered in [39]. 

Proof. We shall assume without loss of generality || < Z,Z >^/^ ||^ < I/C2, 
where C2 is a "great" constant, so that 

Vp > 2 ^\< Z,Z >i/2 1^ < pl/q_ 
We receive using (5.4) and Stirling formula 

\[l;Z, (d)] \p < C^ p'^l'' d-'^l'' p'^l'' < C'^pl/MCd.g) dd/g^d/2^ ^5^7) 

Hence 

\\[l;Z,id)]\\Mid,,)<C''d-''/^<oo, 

and hence we deduce (5.6). 

Further, assume q > 2. We can write from (5.4) \/p > 2 : 

oo oo 

\Ed{Z)\p < 1 + ^ |[1; Z, {d)]\p <C + ^/(O-5+i/?) ^-^^(0.5-1/9) < 

d=l d=l 
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exp 



^p(,+2)/(,-2)^ = exp (c/(«)) . 



Now the estimation (5.6) it follows from the definition of ^(/3,C) — spaces. 

For instance assume that (5.4) holds at g = +00, i.e. 
vrai■max^^\ < Z, Z > \ < 00. Then P = I, hence 

T{Ed{Z),x) < exp (-C log2(l + x)) , a; > 0. (5.8) 

In the case when Z{t) is the Wiener martingale, estimation (5.8) is exact as long 
as< Z,Z >=1 and Ed{Z) = exp(Z(l) - 0.5). 

6. Applications to the martingale summs. We shall concider in this 
section the tail behavior of the centered martingale sums (1.0) 

I&I(d,n) 

where n < 00, supj<„ ||.^(i,m)||g(m) < 00, or, equally, 3K{m),q{m) G (0, 00] such 
that 

supT(e(i,m),a:) < exp (-{x/ K{m)y'^'^A , a; > 0, (6.1) 



7d 



if the speed of convergence h{I) ^ by / ^ Zj^ is rapid. 

We obtain in the sections 2,3 the estimation of tail T{Qd^x) under condition 
E&^(/) <oo. But if 

E IK/)l<oo, (6.2) 

/G/(d,n) 

it follows from triangular inequality for the G — norms that 



d 
-1 



\\Qd\\G<c J2 IK/)I n^^p 11^(^.^)1 1.M<^' 

Iel{d,n) "1=1 



G= [e V?(^)) e(0,oo), K=YlK{ 

\m=l I m=\ 



m) 



as long as supj ||^(/)||g < C (q) H^^^ K (m) . We receive in this case, i.e. if both 
conditions (6.1), (6.2) are satisfyed: 

T{Q,,x) < Cexp (-C2{x/Kf) , 

and this estimation is not improvable, e.g. for the polynomial Qd = Y[m=i^i^^^- 
Thus, we can assume: 

y: \b{i)\ = 00, y: b'{i)< 00. (6.3) 

I<=I(d,n) lel(d,n) 
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(Note that the condition (6.3) is not trivial only if n = oo). We introduce a two 
measures on the subsets I{d,n) : 

and introduce for A = const > the functions A{\) = {I : \b{I)\ < A}, B{\) = 
{I : \b{I)\ > A}, ai(A) = fii{A{\)), a2(A) = .Jfi2{B\x)). 
Theorem 13. For some Ci,2 = Ci,2(&(-)) e (0, oo) T(Qrf, x) < 

Ci inf (exp (-C2 ix/ia^i\)K))f + exp (-C2 (a;/(a2(A)i^))""('^'^))) . 

Theorem 14. // m addition all the variables {C,{i,m)} are independent then 
T{Rd,x)< 



Ci inf (exp {-C2 {x/{ai{X)K))f + exp (-C2 {x/{a2{X)K)y 



Proof. We shall assume without loss of generality \\C,{i, 'n^)||g(m) = 1- Let A be some 
subset of I{d, n) and A = I{d, n) \ A. We write: Q^ = Qd{^) + Qd{'^), where 

g,(i) = y: &(/)e(/), Qd(2) = E K/)e(/). 

We get for Qrf(l) — sum from triangule inequality: 

iig.(i)iiG < CM E m)\ mmc < cm ^,m\ 

leA 

hence 

T{Qd{l),x) < C5(g)exp(-C6(x/^i(A))^ 

We obtain for the second sum Qd{2) by virtue of theorem 1: 



\\Qd{2)\\M < Cr j:bV) = C,^f^2iA). 
\ leA 

The proposition of the theorem 13 follows from the elementary inequality 

T{Qd, x) < T{Qd{l),x/2) + T{Qd{2),x/2) 

after the minimization over set A; it is easily to see that the optimal choosing A has 
a view A = A{X) for some A > 0. The proof of theorem 14 is like to one. 

Example. Assume that g(l) = g(2) = . . . = q{d) = q = const G (0, 00), so that 

T{^{i, m),x) < exp {—x'^) , x > 0; 
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and assume also \b{I)\ < C\I\ ", a > d/2; here 

\i\ = mi),t{2),...,t{d))\ = 



\ m=l 



We deduce from theorem 13 (in the martingale case): if a G {d/2, d), then 

^(E^W^W'^) < Ci(rf,g,a)exp(-C2(rf,g,a)a;«/(«('^-°)+'^)' 
li a = d, then we conclude 

T{Qd,x) < Ciexp [-C2ix/\ogxf) , x>3. 
We conclude in the case a > d 

TiQd, x) < Ci exp (-C2X^) , x>0. 



If d = 1 and q = +00, i.e. if 3K G (0, 00), 'ix > K ^ T{C,{i,m),x) = 0, yields a 
well - known result ( see, e. g. [28], p. 33 - 37.) 

Now we shall consider the moment estimations for Qd in our case. Assume that 
for some p > 2 

sup|^(i,m)|p < 1, 

i 

and that all the variables {^{i,m)} are independent. 
Theorem 15. 



\Qd\p < C(6(-)) inf (ai(A) + a2(A)//logp) 

Proof is the same as in theorem 13. We obtain for the sum Qd(l) using triangular 
inequality: 

|g.(l)|p<C 5: |6(/)| |e(/)|p<C/ii(A(A)) = Cai(A). 
ieA{X) 

We deduce from theorem 7: 

\Qd{'2)\p<C 



Y, b^{I) pV logp = Ca2(A) // log p. 

\\ieA(X) 

Example. Assume again in addition \b{I)\ < C|/|^", where a > d/2. Then if a G 
{d/2,d) => 

\Qd\p < C(rf,a)p2('^'")(logp)2(i-"/'^). 

li a = d then 

\Qd\p < C{d) hgp; 



and in the case a > d ^ 

suplQrflp < C{d,a) < oo. 

Theorem 16. Assume now that all the sequences {^(i, m), F{i)}, m = 1,2, . . . ,d 
are centered martingale - differences ("martingale case") such that 

maxsup |^(i,m)|(i.p < 1 



and b E B. Then 



\Qd\p < C{b{-), d) inf (ai(A) + a2(A)/ . 



For example assume again in addition (in the "martingale case") h{I) ~ 
C|/|~", 3 a > d/2. It follows from theorem 16 {ii fj,m{d ■ p) < l,m = l,2,...,d 
for some p >2) that if a e {d/2, d). 



2(d-a) 



\Qd\p < C{d,a) p 

In cases a = d and a > d we obtain (in our condition fi{d-p) < oo) the same results 
as in independent case (see Examples in the theorem 15). 
Now we shall investigate the case 



E b\i)U-' 



tm,m) = oo. 



ICl(d,oo) 



m=l 



In particular, the series for Q^ may divergent. Let us consider now the naturally 
normed multiply sum 



ICl(d,n) 



\ ICl{d,n) m=\ 



SO that E6'„ = 0, D6'„ = 1. 
Lemma 3. 1. If 



supT{^{i,m)/(T{i,m), x) < exp (— x^) , q,x>0, 

i,m 

then at X > 2 

supT{en,x) < exp (-Cx^^^'^^'^A . 

2. If in addition the variables ^{i,m) are independent, then 

supT{en,x) < exp (-Cx^^^^A . 

3. If 

sup \C{i,m)\p.d/(j{i,m) < 1, 

i,m 



29 



then 



sup \9n\p < Cp'^ 



4- If in additional to the 3 {$,{i,m)} are independent and 

snp \^{i,m)\p/a{i,m) < 1, 



then 



sup|6l„|p < C//logp. 

n 

Proof is very simple. Substituting ^{i,m) = a{i,m) v{i^m) and choosing 



^(^) = n o-(^m)"^)/ 



m=l 



E n-^ 



\ I<Zl{d,n) 



irriy ^TT'J 



m=l 



we can write 

en= J2 KiMi)^ beB{d,n). 

ICl{d,n) 

We receive using our estimations (1.5), (1.8), (3.1) and (3.3) the proposition of 
lemma 3. 

Our result may be considered as some addition to the limit theorem for martin- 
gales (see, for example, [20], p. 58.) 

7. Applications to the weak compactness. Assume that the multidimen- 
sional sequence of coefficients {&(/)} dependent on some parameter t; t & V, l^ is 
an arbitrary set: b{I) = b{I,t). Suppose 



sup ^ lP'{I,t) < oo, 

and introduce the following distance between two arbitrary points ti,t2 E V : 

riiti,t2) = 



(7.1) 



/ Y: {h{lM)-h{lM)?. 

l£j{d,oo) 



We shall consider a random field 



r{t)= E 6(/,t)e(/), 

l€l(d,oo) 



(7.2) 



(series with random coefficients), where {^{i,m)} is again a sequence of martingale 
differences so that for some q{m) > 

sup sup I \^{i, m, t) I |g(„) < oo. 
i tev 
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Theorem 17. Assume that the metric space {V,ri) is full and 

Jo 
where H(y,ri,e) is so - called metric entropy of space V on the distance Vi : 

H{V,r,,e) = logN{V,rue), N{V,r,,e) = 



= mi{card{ti : Ut^{t : ri(t,t,) < e} = V}}. 

{tij 

Then the series (7.2) convergent uniformly on the t, t E V with probability 1, 
P(r(-) G C{V,ri)) = 1, {C{V,ri) denote the space of all ri — continuos functions 
f : V ^ R,) and for some Ciq > 

T(sup \T{t)\,x) < exp (-Ciox^'^'^'''^) , x>2. 
Proof. It follows from theorem 1 that: 

SUp||r(t)||M(d,g) < OO. 

Further, since 

iei{d,co) 
we deduce analogously: 



lk(ti)-r(t2)||M(d,,)<Cn / E [b{I,ti)-b{I,t2W = CiMti,t2). 

Our proposition it follows from the propositions ( [11], p. 195 - 196, [28], p. 303 - 
306.) 

Assume now that the coefficients b{I) are constants, i.e. does not dependent 
on uj E Q, t E V, but the martingale - differences C,{i,iTL) are separable functions 
depending still on some parameter (parameters) t, t E V : 

^{i,m) =^{i,m,t), t E V, 

i.e. $,{i,m, ■) are separable random fields. Suppose that for some q{m) E (0, oo] 

d 

sup E sup I \^{i, m, t) I |g(„) < oo. 
Let us introduce the following distance between ti,t2 eV : 

d 

^2(^1,^2) = E sup||^(i,m,ti) - i{i,m,t2)\\q{m) < 00. 

m=l * 
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Theorem 18. Suppose that the metric space {V,r2) is full and that 

Jo 

Then the series 

at)= E wai,t) 

l€l{d,oo) 

convergent uniformly on the parameter t, t E V, the random field ({t) belong to the 
space C{V,r2) with probability 1, and 

T(sup \C{t)lx) < exp (-Cisx^^'^'^)) , a; > 1. 

Proof of theorem 18 is fuU analogous to the theorem 17; we need only to consider 
the difference 

C(ti)-C(t2)= E h{imiM)-i{lM)]. 

/e/(d,oo) 

and use the theorem 1 and identity 

d d d 

n ^M - n ^M = E (^M ^ ^("^)) ■ n ^(^) ■ n ^(o> 

m=l m=l m=l keA{m) leB{m) 

where A{m), B{m) are the sets if indexes so that A{m) fl B{m) = 0, card A{m) + 
card B{m) = d — 1. 

Assume that the coefficients 6(/) are functions on some parameter a; a G 
{a}, b = ba{I), and, for instance, 

supE^a(^) < oo, 

Jo 
then the family of distributions on the space C{V, r2) 

/i,(A) = P(C(-) G A), 
A — is some Borel subset C{V,r2), are weakly compact; here 

Ut)= E bMni,t). 

Iel(d,oo) 

Remark 5. Analogous results may be obtained in the terms of Majorizings 
Measures (see, for example, [28], p. 314 - 318.) 

Remark 6. Probably it is very interesting to generalize our results on the so - 
called non - commutative case, in the spirit of article [40] . 

Acknowledgments. I am wery grateful to prof. M. Lin for useful discussions 
and support of this investigation. 
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